
N A S A  T E C H N I C A L  

M E M O R A N D U M  

Cr) 
C 
rY 

c ' 

STATISTICAL SUMMARY OF AIR-QUALITY DATA 
FOR METROPOLITAN CLEVELAND, OHIO, 1967-1972: 

TOTAL SUSPENDED PARTICULATES, 
NITROGEN DIOXIDE, AND SULFtJR DIOXIDE 

by Rob:rt B. Kirzg, Harold E. Ner~stddter, 
J. Stirart Fordyce, John C. Burr, Jr., 
and C. Lhpwrence Corriett 

Lewis Resed rth Cen,ter 
Clevelarzd, Ohio 44135 

N A T l O N A i  AERONAUTICS AND SPACE ADMINISTRATION WASHINGTON, D. C. OClOBER 1974 



FOR METROPOLITAN CLEVELAND, OHIO. 196j- 1972: TOTAL 
SUSPENDED PARTICULATES, NITROGEN DIOXIDE, AND 
SULFUR DIOXIDE 

6 Performing Organlzat~on Code 

--- 
3 Rec~p~ent's Catalog No 

5 Report Date 

1 Report No 

NASA TM X-3113 

16 Abstract 

Air-quality data for metropolitan Cleveland, Ohio, from 1967 through 1972 have been collated 
and statistically analyzed. Total suspended particulates (TSP), in contrast with previous years. 
departed from lognormal distribution in 1972. Nitrogen dioxide and sulfur dioxide, although 
only somewhat lobmormal in previous years, also departed sibmificantly from lognormal distribu- 
tions in 1972. Nowhere in Cleveland were the Ohio standards met. However, a l l  Lewis-operated 
western suburban stations, except one, met the annual mean standard for TSP, but state- 
operated suburban stations did not. The data indicate a general improvement in a i r  quality; 
unusually high precipitation (43 percent above normal in 1972) may have been the major factor 
in lowering these values from 1971 levels. The mean values of TSP, NO2, and SO2 were 104, 
191, and 83 pg/m3. respectively. 

2 Government A c c ~ s ~ o r i  N o  

I 
7 A U ~ ~ O ~ ~ S I  Robert B. King, Harold E. Neustadter, and J. Stuart 

Fordyce, a l l  of Lewis Research Center; John C. Burr, J r . ,  Ohio 
En-~ironmental Protection Agency; and C. Lawrence Cornett, 
C I P V ~  . .  . . .  

, 

9 Perforrnlng Organ~rat~orl Name and Address 

Lewis Research Center 
National Aeronautics and Space Administration 
Cleveland, Ohio 44135 

12 Sponsor~ny Agency Narrir dnd Address 

National Aerona~ctics and Space Administration 
Washington, D. C. 20546 

1 17 Key Words iSugg~rted tly Author(s1 l 1 18  D~st r~but~on  Stdtement I 

4 Tltre and Subtltlt. STATISTICAL SUMMARY O F  AIR-QUALITY DATA C-- 
B Pertornilng Orgdn~zat~on Report NO 

E-7850 

10. Work U n ~ t  No 

770- 18 
- 

11 Contract or Grant No 

13 Type of Report and Perlod Covered 

Technical Memorandum - 
14 Spons~rlng Agency Code 

/ Total suspended particulates; Sulfrir dioxide; 1 Unclassified - unlimited I 

15 Supplementary Notes 

I Nitrogen dioxide; Air pollution; Cleveland, I C a t e g ~ r y  13 I 
Ohio 

19 Sec~~rtry Classlf (of this report1 t 20 Sectlr~ty Class~f (of thls y g e l  21 No of Pager 22 Prlte' 

Unclassified Unclassified 3 5 $3.25 

' Fo: s,ile hy the Nnt~ol ial  T e r l i r ~ ~ c a l  Irifortnnt~o~i Serv~ce .  S I ~ ~ I I I ~ ~ I C I ~ I .  VII.FIIII,I 21151 



STAT1 STlCAL SUMMARY OF A I  R-QUALITY DATA FOR METROPOLITAN 

CLEVELAND, OHIO 1967-1972: TOTAL SUSPENDED 

PARTICULATES, NITROGEN DIOXIDE, 

AND SULFUR DIOXIDE 

by Robert B. King, Harold E. Neustadter, J. Stuart  Fordyce, 
... 

John C. B u r r ,  J r. , -.. and C. Lawrence cornet t t  

Lewis Research Center 

SUMMARY 

Air-quality data (total suspended particulates (TSP 1, nitrogen dioxide (NO2), and 

sulfur dioxide (SO2)) for the metropolitan Clevelaccl, Ohio, a r e a  for the period 1967 
through 1972 have been collated and subjected to stat ist ical  analysis. Comparison of 

1972 data for the City of Cleveland indicates a departure f rom the lognormality reported 
previously for 1969-71 data. The State of Ohio standards x e r e  not met anywhere in 

Cleveland for TSP, NO2, and SO2. TSP standards were met a t  s ix  of seven Lewis- 
operated western suburban stations but a t  none of the State of Ohio suburban stations. 
The data suggest a general improvement in a i r  quality in metropolitan Cleveland: the 

mean for TSP decreasing from 129 t o  104 Fg/m3; that for NO2 decreasing from 209 
to 191 &m3; but that for SO2 increasing from 70 t o  83 ,ig/m3. Abnormally high pre- 

cipitation (43 percent above normal in 1972) may have been the major factor in the low- 
e red  numerical values. Polludex, ttie pollution index based on the two-point air-quality 

standards, has been calculated a s  before. 

INTRODUCTION 

This report  i s  a continuation of the se r ies  of repor ts  prepared by the Lewis Re- 
search Center (refs. 1 and 2) to present and analyze information regarding concentration 

>% 
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Environmental Protection Agency, Columbus, Ohio. 
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levels of t o h l  suspended particulates (TSP), nitrogen dioxide (NOZ ), and sulfur dioxide 

(SOZ) for Cleveland, Ohio. In previous studies a l l  the data were obtained from the a i r -  
quality-monitoring program conducted by the Air Pollution Control Division (APCD) of 
Cleveland. Ohio. This report also considers TSP data from two additional sources  and 
covers  most of Cuyahoga County. 

PROCEDURE 

Data Sources 

The air-sampling program of APCD is currently in i t s  seventh year. Twenty-four- 
hour sanlplings have been made of TSP since January 1967. and of NO2 and SOg since 

January 1968. The sampling methods used a r e  high-volume a i r  sampling for TSP, 

Jacobs-Hocheiscr for NOZ, and West-Caeke for SO2. Starting in June 1972 a modifica- 
tion (ref. 3 )  was made to the West-Gaeke procedure which was fully in~plemented by 

October 1972., The A P C D  sampling s i t e s  a r e  denoted by capital le t ters  in f i b ~ r e  1 and 

described in the accompanying key. The meandering heavy line in the center of the city 
is the Cuyahoga River, about which is centered most of the region's heavy industry. 

In 1972 there were 21 municipal air-monitoring stations. Eighteen of these stations 
monitor a l l  three pollutants, while the remaining three  (stations 0 ,  Q ,  and S in fig. 1) 

measure TSP only.. Seventeen of these s i tes  have been in operation for more than 
5 years.  Stations B, D, K, and N underwent relocation ea r ly  in the program. However, 
because of the proximity of their  present s i t e s  t o  their  f o s n e r  sites, we have assumed 

! 

that essentially the same environment has been measured throughout. Currently, the 
a i r  is sampled nominally every third day, although the sampling frequency has varied 

over the 6 years and has been a s  low as once a week. Except for s i te  L, a11 APCD 
monitoring s i tes  a r e  located within the City of Cleveland. 

In ear ly  February of 1972 the suburbdii schools network, identified by lower-case 
le t ters  a to  g in figure 1, was established. The Environmental Research Office (ERO) 
of the Lewis Research Center, in cooperation with seven local school distr icts ,  initiated 
the monitoring program to establish the TSP concentration levels of the an~bient  a i r  
entering Cleveland from the west (the predominant wind direction). Six high schools 
and one elementary school operated the high-volume air samplers  placed on their  roofs. 

The samplers  were run on the same schedule as APCD and alternated glass fiber and 
Whatman 41 (W-41) filters. 

Fi l ters  were weighed by Lewis personnel using the same procedure a s  APCD 

(ref. 4), placed in filter-holder cassettes,  and delivered t o  the school s i tes .  After ex- 

posure, Lewis personnel collected the filter- holder cassettes,  reweighed the filters, 



and calculated the TSP levels. Both glass  and W-41 filter values a r e  averaged together 
t o  obtain the reported TSP concentrations. The validity of this procedure has been es -  
tablished in a previous study (ref, 4)" 

The State of Ohio Environmt,ntal Protection Agency (OEPA) operated seven TSP- 
monitoring stations within Cuyahoga County but outside the city limits. These a r e  
identified in figure 1 by the numerals 1 through 7. 

Ambient Pollution Levels 

The pollution levels measured during 1972 were subjected t o  the same analysis 25 
i n  previous years.  The stat ist ical  analysis of the data included evaluation of the est i-  
mated mean and standard geometric deviation; estimation of the expected second- highest 
pollution level for the year; application of the Kolmogorov-Smirnov stat ist ic for good- 
ness  of fit to the lognormal distribution; and evaluation of Polludex, an index of com- 
pliance with Ohio standards. A detailed discussion of the assumptions, methods, and 
limitations of the analysis appeared in an ea r l i e r  report  (ref. 2 )  and for completeness 
is repeated herein as an  appendix. 

Pertinent resul ts  a r e  presented in tables I through III for TSP, NOZ, and SO2, r e -  
spectively. In each table, the f i rs t  column gives the designation of the monitoring s i te  
corresponding to  the code shcwn in figure 1. The second column lists  parameters  of 
interest  for each of the pollutants. These parameters  a r e  (1) number of readings; 
(2) geometric (TSP) o r  arithmetic (SO2 and NOZ) averages in pg/m3; (3) standard geo- 
metr ic  deviation; (4) estimated value of the secovd-highest pollution level for the year 

3 i n  pg/m ; (5) an  adjusted Kolmogorov-Smirnov goodness-of-fit s tat ist ic for :ognormal- 
ity, denoted as f i  D (see discussion in appendix); and (6) the Polludex value. 

Air-quality standards a r e  se t  nationally by the Environmental Protection Agency 
(EPA) of the Federal  Government (ref. 3 )  and statewide by OEPA (originally by the Air 

Pollution Control Board of the Department of Health of the State of Ohio) (ref. 5). When- 
ever  these two standards differ, we have chosen t o  work with the OEPA (more stringent) 
standard, which is listed in the third column. In the remaining five columns a r e  the 
various stat ist ics for each of the years  1967 through 1972. 

DISCUSSION 

The data for 1971 and 1972 can be compared from tables I through In. It should be 
noted that the s e t s  of days for which values a r e  available differ slightly from station t o  
station. The geometric mean for TSP averaged over the entire APCD network decreased 



3 3 f rom 129 pg/m for 1971 to 104 pg/m for 1972; the arithmetic mean for NO2 decreased 
3 f rom 209 pg/m3 for 1971 to  191 pg/m for 1972; but the arithmetic mean for SO2 in- 

3 creased from 70 pg/m for 1971 t o  83 pg/m3 for 1972. The decreases in the annual 
geometric mean for TSP from the 1971 level t o  the 1972 level a t  the various stations 
range from 46.7 percent to 4 1 percent, with an average decrease of 18.6 percent. In 
a s imilar  manner the decrease of NO2 mean concentrations i-anged from 26 percent to 
0.5 percent, with an average decrease  of 20 percent. Because of the change in the 
analytical procedure for SO2 during 1972, and noted in the section Data Sources, the 
average increase of 10 percent for mean SO2 concentrations over the 1971 values prob- 
ably is open to question, particularly since the downward trend in previous years  
seemed well established. 

The decrease in NO2, a pollutant for which control efforts have been minimal to 
date, might be attributed to the difference in the amount of precipitation encountered in 
these two years-  While precipitation in 1971 was 6 , 5  percent below normal, in 1972 
i t  was 42 percent above ,lorma1 (ref. 6). If source conditions had remained the same 
in 1972 a s  in 1971, decreases  due to  precipitation, roughly paralleling the NO2 de- 
crease ,  should have been noted in TSP and SO2. The TSP data show this influence. 
Since confidence in the SO2 data is questionable, i t  is unsafe to draw any conclusions 
from the increases noted, although increased economic activity in 1972 may be respon- 
sible. In the presence of such dras t ic  changes in meteorlogical conditions, trend com- 
parisons from year to year a r e  hazardous unless some method of meteorological nor- 
malization is introduced. 

Nowhere in the City of Cleveland have the air-quality standards been attained. 
However, a l l  stations in the Lewis-operated western suburban network, except one, had 
annual arithmetic means for TSP that were less  than the s ta te  requirements, but none 
of the state-operated suburban stations had satisfactory means. It is, perhaps, not 
unexpected that the Lewis-operated western suburban stations should find lower TSP 
values since they a r e  not downwind of any major pollution sources  and a r e  located in  
predominantly residential o r  r u r a l  a reas .  The state-operated suburban stations appear 
to be on busy thoroughfares and/or downwind of moderate pollution sources such a s  
greenhouses and large expanses of residential housing. (In this regard,  note the higher 

1 TSP value a t  APCD station K than a t  suburban school station c. Station e i s  about l2 

miles west of station K but most importantly is predominantly upwind of a major high- 
way, while K is predominant downwind of the same highway. ) 

Table IV compares the goodness-of-fit s tat ist ic data from tables I through III dis- 
played a s  the percentage of stations with distributions consistent with a lognormal 
description. Contrary t o  general expectations (ref. 7), the gases  (NO2 and SO2) show 
only slightly l e ss  lognormality than does TSP. The strong contrast between the Lewis- 
.and state-operated suburban stations is notable. However, two monitoring s i tes ,  one 
from each network (c and I), located about 1/2 mile apart ,  measured different TSP 



values (50 compared with 81) but had similar standard geometric deviations (1.7 com- 

pared with 1.6)  and goodness-of-fit statistics (0.63 compared with 0.62). Site c i s  in a 
residential environment, which may act a s  a single broad area source. On the other 
hand, site 1 is affected by its proximity to a high-traffic-density state highway. 

The adequacy of a lognormal descriptidn for the distribution of the 1972 data for the 
APCD network ,decreases quite significantly from that of 1971 and previous years 
(table IV). The Lewis-operated suburhan network data appear similar. The drastic 
reduction in the percentage of stations fitting a lognormal distribution from 90 percent 
in 1971 to only 29 percent in 1972 for TSP and from 60 percent ill  1971 to only 28 percent 
in 1972 for NOg may possibly be attributed to the extensive rainfall throughout much of 
1972. The reduction in the percentage of stations fitting a lognormal distribution for 
SO2 from 47 percent in 1971 tc 23 percent in 1972 may be caused by either the unusual 
amount of precipitation, the continued trend away from lognormality started in 1969, or  
the change in the analytical method. 

The question of the adequacy of a lognormal representation i s  a difficult one to 
assess.  Lognormal distributions ar ise  from incremental changes that a r e  proportional 
to the previous value (e. g. ,  a +10 percent or a -20 percent change). At first  sight, pre- 
cipitation could be expected to remove a fraction of the particles or gases from the air .  
Gases would be removed relative to their affinity fnr water: but TSP most likely would 
be removed a s  a function of particle size, impaction being the more probable mode of 
removal for the larger particles. It would be expected that for TSP sufficiently far 
downwind of i ts  source for the steady-state establishment of a "self-preserving aerosol 
distribution" (ref. 8), precipitation would remove a proportional amount. Thus, lr - 
normality of the limited set of which the measured values a r e  a subset would be gener- 
ated or maintained. The fact that tnis i s  not true in the 1972 APCD data set leads to the 
conclusion (1) that the self-preserving aerosol size distribution is not operative; (2) that 
the precipitation did not remove proportionate amounts because of differer' removal 
mechanisms or varying affinities for water; o r  (3) that other factors were involved that 
a r e  not precisely known (e. g., the aerosol may be the combination of two o r  more aero- 
sols with lognormal distributions whose resultant integrated distribution is not neces- 
sarily lognormal). 

Polludex values for the years 1967 through 1972 a re  shown in figures 2 to 4. Com- 
parison of these values for 1971 and 1972 shows that for TSP the average for 19 stations 
was 38 points lower in 1972 than in 1971. The values ranged from one increase (dirtier) 
of 19 points at  statior. 1 (the dirtiest station in the city) to a maximum decrease of 170 at 
station N. In a similar manner, P.'02 Polludex values averagzd a decrease of 27 points; 
the lowest value occurred at station A (which also had a low value for TSP) and four 
stations had considerably greater decreases than the average, However, SO2 showed 
increased values except at two stations. These increases, though questionable because 



of the change in analytical methodology mentioned previously, may be due to increased 
economic activity and increased SO2 production in winter when little prccipitation i s  
available for removal. Three  stations (C, J, and L) show fair  agreement between de- 
c reases  in NO2 and TSP. These stations a r e  in somewhat s imilar  environments (mixed 
residential-industrial). No agreement between SO2 and either TSP or NO2 i s  apparent. 

As shown in the appendix, the Polludex value depends upon the determination of the 
second-highest vaLe  XZnd' Larsen (ref. 9)  indicates a graphical and analytical tech- 
nique fo r  determination of x~~~ based upon the assumption of lognormality; Neustadter 
and Sidik (ref. 2)  have used a similar analytical method. They a l so  considered 
(ref. 10) the e r r o r s  inherent in this formulation and found that, for a data se t  of 90 Sam- 
ples, the 95 percent confidence interval for X2nd is k44 percent, provided the assump- 
tion of lognormality is valid. 

Larsen (ref. 9 )  emphasizes that caution must be used with nonlognormally distrib- 
uted data such as those shown in this report  for Cleveland f a r  1972. In view of this 
further potential for e r r o r  ar is ing from nonlognormality, an  attempt was made t o  graph- 
ically extrapolate to  XZnd for  some 90 data points from the plot of the logarithms of 
the conccntrations against the frequency of occurrence. The method failed in some 
cases  because of the arbi t rar iness  involved in projecting the plot beyond the actual data. 
In other cases,  where the plot was reasonably linear for values larger than the median 
(50 percent), the graphically determined XZnd values were about 11 percent lower than 
those calculated for TSP and about 25 percent lower than those calculated for SO2. 
These deviations a r e  well within the expected e r r o r  limits for lognormally distributed 
data. (NO2 was not compared since X2nd values a r e  not used for NO2 Polludex deter-  
minations a s  the standards refer  only to the mean. ) 

CONCLUSIONS 

Air-quality data for the year 1972 for metropolitan Cleveland have been presented 
and reviewed in t e rms  of previous data and environmental conditions. Averaged over 
the entire city, the meal1 values for total suspended particulates (TSPj, nitrogen dioxide 

3 (NOZ), and sulfur dioxide (SO2) were 104, 191, and 83 pg/m , respectively. Mean 
values of TSY and NO2 were lower in 1972 than in  1971, probably because of the unusu- 
ally high levels of precipitation in 1972. Higher levels of SO2 were measured in 1972 
than in 1971, probably because of the change in analytical methods made during 1972 
coupled with increased economic activity. Only TSP levels were measured in the sub- 
urbs.  The high TSP values found in the state-operated suburban network a r e  probably 
due to  local commercial o r  traffic sources.  The Lewis-operated suburban network, in 
a predominantly residential environment, exhibited the only TSP levelb 'hat  met the 



k 
L State of Ohio mean standard. Finally, it was noted that the 1972 data could he l e s s  
i 
i adequately described by a lognormal distribution than those of previous years. Polludex 

values for TSP, NO2, and SO2 generally decreased. 

Lewis Research Center, 
National Aeronautics and Space Administration, 

Cleveland, Ohio, July 16, 1974, 
770- 18. 



APPENDIX - ASSUMPTIONS, METHODS, AND LIMITATIONS 

O F  AIR-QUALITY ANALYSIS 

Number of Readings 

For each pollutant, both the Federal (EPA) and State of Ohio (OEPA) environmental 
protection agencies require a minimum of one sampling every sixth day, o r  an  eqciiva- 
lent set  of a t  least 61 random samples per year. Thus, we designate this standard a s  
> 60 in the t a b e s  Even though ear ly  in the program some stations did not take 63 sam-  
ples per year for each pollutant, we include the analyses of these data se ts .  The nomi- 
nal schedule of the Cleveland Air Pollution Control Division (APCD) calls  for monitoring 
the environmental a i r  every third day. This procedure generally allows sufficient mar -  
gin for unanticipated disruptions (e. g. , equipment failure) while s t i l l  exceeding 60 read- 
ings per year. 

Geometric and Arithmetic Averages 

The geometric average is used in table I and the arithmetic average is used in 
tables I1 and 111. This corresponds to  the particular averaging method stipulated by 
EPA and OEPA standards, Calculations were performed whenever the number of read- 
ings exceeded 10. The values listed a s  standards a r e  the OEPA primary standards, 
which correspond to  the EPA secondary standards. 

Standard beometric Deviation 

It has been noted that, irrespective of sampling duration or  location, air-sampling 
data a r e  generally distributed lognormally (ref. 7). When such is actually the case ,  the 
entire data se t  is sufficiently described by i t s  geometric average and i t s  standard geo- 
metric deviation (SGD). The higher the SGD, the greater  is the spread between the 
lower and higher values. As with the averages, SGD was calculated for data s e t s  of 
more  than 10 readings. 

Second- Highest Value 

Both EPA and OEPA standards for TSP and SO2 specify that a certain level of pollu- I 
tion is ". . . not to be exceeded more  than one time per year. " This implies that for I 



the 365 daily pollution levels per year (366 for leap years), there is no upper bound on 
the highest single value. However, the next largest value (i. e . ,  the second-most- 
polluted day of the year) is required to be at o r  below the standard. Thus, tables I 
through 111 include estimates of the second-highest pollution level for each year. A s  
with the averages, the standards listed there a r e  the OEPA primary standards, which 
correspond to  EPA secondary standards. While there i s  a standard for only ' .  : , w a l  
average of NO2, we believe the estimated second-highest value for a year: ' 4 1.1seful - 
formation, and we have included it in table I. 

An approximation to the second-highest polluticll level estimate, for a year of n 
1 

days and a sample of N observations is obtained by the following procedure: Tlv log- 
arithms of the data talues a r e  computed because we need to use the expected values of 
normal order statistics; these a r e  well developed in the literature. Comparable devel- 
opment for lognormal distributions exists only for very small sample sizes (ref. 11). 
The logarithms yi = In (xi) of the pollution levels xi a r e  computed. According to the 
assumption of lognormality, these yj values follow a normal distribution. The sample 
mean 7 and the sample standard deviation s of the set of logarithms a re  computed. 

Y 
From reference 8, the expected value of the second-highest observation in a sample clf 

365 (366 in a leap year) independent values from a normal distribution is 2.63 (to three 
significant digits) standard deviations from the mean. This value, along with the aver- 

age and the standard deviation s of the se t  of logarithms, is used in the following 
Y 

equation to obtain the estimate of the second-highest pollution level of the year: 

The values of xZnd listed in tables I through I11 a re  abtained by exponentiation, a s  

Because of the decreased precision which occurs when e-..rapolating to the tail of 
a distribution and because the sample mean and standard deviation a r e  used, the mini- 
mum number of readings for this calculation was increased to 30, a s  opposed to  10 read- 
ings used for the averages. Implicit in using equation (1) is the assumption of lognor- 
mality of the data: the Kolmogorov-Smirnov statistic discussed in the next section leads 
u s  to the final entry in these tables. A more comprehensive discussion of the limita- 
tions and variability of this approach has been presented elsewhere (ref. 10). 

Kolmogorov-Smirnov Statistic 

The Kolmogorov-Smirnov statistic is a goodness-of-fit statistic which can be 



applied to any distribution (ref. 12 ). In testing for  a lognormal distribution, i t  i s  eas ier  
for chlculation purposes to take the logarithms of the values and tes t  for goodness of fit 

to a normal distribution. This statistic was originally int, .~ded for use when the dis- 

tribution which the data a r e  suspected of following i s  completely specified. For the 
normal distribution, this i s  equivalent to  knowing the mean 1 and the standard devia- 
tion o. In this case,  the Kolmogorov-Smirnov stat ist ic i s  denoted a s  D and i s  calcu- 
lated a s  

where the function +(z)  denotes the cumulative standard normal distribution function. 
The stat ist ic D measures the maximum deviation of the observed cumulative dis- 

tribution function from the theoretical cumulative distribution function. Thus, D is 
always a value between 0 and 1. A value of 0 would indicate a perfect fit of the sampled 
data to a lognormal distribution; larger values indicate an increasing deviation from 

lc;.rmormality. 
When the mean and the standard deviation a r e  unknown, it i s  common to use the 

1/2 
estimaLes y and s [ y - ) - 1 in place of ,i and o, respectively. 

Y 
Lilliefors has studied the use of the Kolmogorov-Smirnov statistic in this situation 

(ref. 13). Table V presents the significance levels of f i D  from reference 13 for 

samples of N > 30. Thus, the goodness-of-fit s tat ist ics in tables I through - .e pre- 

sented a s  f i  D. 
It should be recognized that the observed pollution levels a r e  but a s~,,., 3f levels 

from some distributior.. Thus, even if  the distribution oi the complete se t  a; pollution 

levels is indeed lognormal, some of the samples will lead to large value& of a D .  The 
interpretation of the tabulated significance levels cr is that if the distribution is indeed 
lognormal, about 1000 percent of the samples tested will lead to a value of f i D  which 

exceeds ( a D ) , ,  whereas about 100(1 - n ;  percent will lead to a v a h e  of V%D lower 

than ( f i D ) ,  . Because calculations in this report  depend heavily on the assumption of 
log normal it:^, the value of 0 = 0.20 was chosen. Choosing this la? :e value for CY has 
the drawback of rejecting the assumption of lognormality a substantial proportion of 

the t imes (20 percent) that the distribution is lognormal. However, it has the compen- 
sating advantage of being more discriminating against distributions which a r e  not log- 

normal. 



Polludex, k.11 Air- Pollution Index 

Many indices have been proposed, and a number a r e  in use by various agencies 
(ref. 14). Polludes i s  a variation of an index prr,pnsed by Pikul (ref. 15). The ration- 
ale for cor~structing this modified index i s  a s  follows: The standards for TSP and SO2 
specify values for the annual mean which may no: be exceeded and also values which may 

not be exceeded more than once per year. In relation to a lognormal plot of the under- 
lying population, these standard values specify the coordinates of two 11oints on a 

straight line. If the data obtained during a 1-year period conform to lognormality and 
conform to the required standards. t . plot of the data nil, .;.sely approximate a 
straight line falling entirely below (or on) the line segment joining the standard points. 

For each of the three pollutants, define 

r Sample average 
Standard for average 

s .- Estimate of second- highest value - 
Standard not to be exceeded more than once yearly 

Then the Polludex value, P (pollutant), is  defined for TSP and SO2 by 

and for NO2 by 

where max(a, b) means that the larger of t t ~ c  two values, a o r  b, i s  to be useci. The 

geometric average i s  to be used in calculating r for TSP, and the arithmetic average 
is to be used in calculating r for SO2 and NO,. For the estimate of the second-highest 

& 

value t c  be used for s, we used the approximate value listed in table I for TSP and in 
table TI1 for SOZ. 

With this definition, the same weight i s  given to the long-term (chronic) effects of 

pollution a s  i s  given to the severe short-term (acute) incident. The standards for these 
pollutants have presumably been se t  with regard to ~qaximurn acceptable levels for rea- 

sons of public health and/or welfare. Thus, we assume that normalization of the esti- 

mated mean and second-highest values by the star.&x-ds will, in a sense, put each P on 
an equal basis with respect to the potential harm caufp.! by excesses. If the a i r  quality 
is equal to or better than the standards, P = 0. A Po!ludex value of 100 ( P  - 100) can be 



understood to mean that the a i r  i s ,  in a sense, 100 percent polluted, in that a value of 
100 i s  obtained when the average and the second-highest values a r e  each 100 percent 
higher than their respective permissible ! >vels. Of course, a Polludex value of 100 
would also r e s ~ l t  from a continuum of other combinations, as ,  for example, when ihe 
second-highest value is three times i t s  standard, provided the average is a t  o r  below 
its standard. Figure 5 graphically illustrates several of these possibilities. Fig- 
ure 5(a) shows three possible examples which have P = 0. F'igure 5(b) shows a line 
having P = 100 where both the mean and second-highest standards a r e  exceeded. Fig- 
ure 5(c: shows a line where again P = 100 but where the standard for the mean has been 
met. Finally, figure 5(d) shows a line with P = 50 where the standard for the mean is 
list met but the second-highest-value standard is. 
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TABLE I. - DATA SUMMARY FOR TOTAL SUSPENDED PARTICULATES, 1967-72 

[ ~ l l  concentrations a r e  in micrograms per cubic meter.] 

a~a lcu la t ion  used to obtain the estiinate assumed lognormality despite f i D  . 0.736. 

b~ampl ing  site was relocated within same general neighborhood in midyear. It 1s assumed 
that for sampling purposes the environmental a i r  was the same a t  both locations. 

C ~ e m p o r a r i l y  discontinued because of construction at sampling slte. 

1970 

76 
188 

1.6 
a682 

0.81 

284 

b72 

113 
1.6 

370 
0.48 

117 

97 
124 
1 .6  

420 
0.39 

144 

b62 

154 
1.6 

487 
0.40 

191 

93 

136 
1.5 

a395 

0. 60 

145! 

Monitoring 
station 

(see fig. 1 )  

A 

B 

C 

D 

E 

I 

Standard 

: 60 

60 
- - - -  

150 
----  

0 

' 60 

60 
----  

150 
---- 

0 

60 
60 

----  
150 

----  
0 

' 60 
60 

----  
150 

----  
0 

60 

60 
- - - -  

i50 
----  

I -  0 

Statistic 

Number of readings 
Geometric average 
Standard geometric deviation 
Estimated second-highest level 
Goodness-of-fit statistic, f i D  
Polludex value 

Number of readings 
Geometric average 
Standard geometric deviation 
Estimatedsect,nd-hi&'~estlevel 
Goodness-of-fit statistic, \ % D  

Polludex value 

Number of readings 
Geometric average 
Standard geometric deviation 
Estimated second-highest level 
~oodness-of-fit  statistic, ,ED 
Polludes value 

Number of readings 
Geometric average 
Standard geometric deviation 
Estimated second- highest level 
Goodness-of-fit statistic, X E D  
Polludex value 

Number of readings 
Geometric average 
Standard geometric deviation 
Estimated second-highest level 

I Gotdncss-of-fit statistic, \/RD 
Polludex value , 

1971 

69 

183 
1.7 

730 

0.73 
296 

63 

92 
1.6 

319 

0.53 
82 

89 
121 

1.7 
502 

0.65 
167 

'30 
163 

1 .8  
---- 
----  

(c )  

80 
120 
1.5 

a328 

0.80 
109! 

1967 

19 
190 

1.4 
----  
---- 
---- 

36 
112 
1 .5  

351 
0.76 

111 

64 
124 
1 . 5  

343 
0.55 

117 

44 

134 
1 . 5  

371 
0.37 

135 

61 
139 

1.4 
352 

0.59 

! 

1972 

- 
75 

170 
1.7 

a726 

0.96 
284 

87 

86 
1.6 

a286 

0.77 
67 

93 
95 

1.6 
a350 
0.98 

96 

82 
87 

1.6 

a305 
1.13 

74 

90 
94 

1.6 
a319 
1. 05 

8 5 1  

1968 

70 

242 
1.7 

919 
0.53 

408 

64 
104 
1.6 

349 
0. 72 

103 

79 
121 

1.6 
a429 
0. 76 

144 

72 

126 

1.5 

390 
0.42 

135 

75 

147 
1.5 

a410 
0.83 

133!159!  

1969 

73 

199 
1.6 

a711 

0.84 

303 

66 

94 
1.4 
226 

0.63 
54 

72 

107 
1.6 
346 

0.50 

105 

74 

123 
1 .5  

378 
0.50 

129 

75 

119 
1.4 
276 

0.61 

911 



TABLE I. - Continued. DATA SUMMARY FOR TOTAL SUSPENDED PARTICULATES, 1967-72 

[ ~ l l  concentrations a r e  in mirrograms per cubic me1~r. l  

Standard 

60 
60 

----  
150 

---- 
0 

' 60 
60 

----  
150 

- - - -  
0 

;- 60 

60 
- - - -  
150 

- - - -  
0 

., 60 

60 
- - - -  
150 

----  
0 

60 
60 

- - - -  
156 

----  
0 

assumed 

Monitoring 
station 

(see fig. 1 )  

F 

G 

H 

- 
I 

.J 

a~a lcu la t ion  

Statistic 

Number of readings 

Geometric average 
Standsrd geometric deviation 

Estimated second-highest level 
Goodness-of-fit statistic,  f i  D 
Polludex value 

Number of readings 
Geometric average 

Standara geometric deviation 
Estimated second- highest level 

Goodness-of-fit statistic,  f i  D 

Polludex value 

Number of readings 

Geometric average 
Standard geometric deviation 
Estimated second-highest level 
Goodness-of-fit statistic,  4 D 

Polludex value 

Number of readings 

Geometric average 
Standard geometric deviation 
Estimated second-highest level 

Goodness-of-fit statistic,  D 
Polludex value 

Number of readings 
Geometric average 
Standard geometric deviation 

Estimated serona-nlgnesc ievei 
Goodness-of-fit statistic,  f i  D 

Polludex value 

used to obtain this estimate 

1967 

64 

101 

1.5 
a303 
1.0 
85 

8 
----  
--- - 
---- 
----  
- - - -  

---- 
--.- 
----  
----  
---- 
- - - -  

55 

210 

1.4 
a543 
1.08 
256 

63 
174 
1.5 

4:: 
0.62 

203 

l o p o ~ . n a l i t y  

1968 

75 

103 
1.6 

357 
0.67 

104 

75 

99 
1.6 

317 
0.56 

89 

65 
83 

1.6 
280 

0.53 
62 

75 

232 
1.5 

694 
0.60 

324 

76 

161 
1.6 

0.78 
213 

1972 

78 
85 

1.6 
a291 
1.07 
68 

83 

80 
1.6 

a264 
0.99 

55 

88 
75 

1.7 
294 
0.46 

61 

83 

188 
1.7 

a735 
1.19 

302 

77 

131 
1.6 

0.91 

159 

1969 

75 

88 

1.6 

297 
0.64 
72 

73 
82 

1.6 
a292 
0.79 
66 

68 

84 
1.6 

299 
0.59 

70 

75 

223 
1.5 

a639 
0.97 

299 

74 
151 
1.7 

af,!2 
0.76 

230 

despite 

1970 

82 

109 
1.5 

a307 
0.87 

93 

103 
94 
1.7 

358 
0.59 

98 

96 

94 

1.7 
384 
0.48 

106 

101 

225 
1.5 

701 
0.51 

321 

103 
156 
1.6 

a%(! 
0.98 
207 

\RD -- 

1971 

74 

105 
1.5 

304 
3.72 
89 

83 
91 
1.6 

337 
0.57 

89 

70 

89 

1.7 

352 
0.68 

91 

93 

196 
1.6 

a658 
0.83 

283 

90 
163 
1.7 

5 %  
0.73 

250 

0.736. 



TABLE I. - Continued. DATA SUMMARY FOR TOTAL SUSPENDED PARTICULATES, 1967-72 

[ ~ i i  concentrations a r e  in micrograms per cubic meter.] 

Monitoring 
station 

(see fig. 1: 

Statistic Standard 1961 1968 196: 

Number of readings - 60 
Geometric average 60 

Standard geometric deviation ----  
Estimated second-highest level 150 
Goodness-of-fit statistic, 4~ ---- 
Polludex value 0 

Number of readings 
Geometric average 
Standard geometric deviation 
Estimated second- highest level 
Goodness-of-fit statistic,  AD 
Polludex value 

Number of readings > 60 60 72 74 
Geometric average 60 86 82 75 
Standard geometric deviation - - - - 1.5 1.6 1.5 
Estimated second-highest level 150 266 281 222 
Goodness-of-fit statistic, \'%D ---- 0.48 0.64 0.60 
Polludex value 0 61  62 37 

Number of readings 60 48 75 73 
r iomet r ic  average 60 129 158 142 
Standard geometric deviation ---- 1.8 1.8 1.9 

Estimated second-highest level 150 592 784 747 
Goodness-of-fit statistic,  V ' ~ D  ----  0.60 0.57 0.67 
Polludex value 0 205 293 268 

Number of readings : 60 69 75 7; 

Geometric average 60 92 86 7: 
Standard geometric deviation ----  1.5 1.6 1. t 
Estimated second-highest level 150 265 298 a27( 
Goodness-of-fit statistic,  v'i3 D ----  0.62 0.39 0.8: 
Polludex vqlue 0 65 71 5t 

Number of readings 
C+orr?e!rir ~ ~ c r ? g c  

Estimated second-highest level 

Polludex value 

used to obtain this estimate assumed lognormality despite 
b~ampl ing  site was relocated within same general neighborhood in midyear. It i s  assumed 

that for sampling purposes the environmental a i r  was the same at both locations. 



TABLE I. - Continued. DATA SUMMARY FOR TOTAL SUSPENDED PARTICULATES, 1967-72 

[ ~ l l  concentrations a r e  in micrograms per cubic meter.] 

Monitoring 
station 

(see fig. 1) 

Q 

R 

S 

T 

U 

a 

a ~ a l c u h t i o n  

d~ampl ing  was initiated in the latter part of the year. 

1968 

69 

95 
1 .5  
277 

0.42 
71 

72 

80 
1.7 

304 
0. 69 

68 

----  
- - - - 
- - - -  
----  
- - - -  
- - - - 
---- 
- - - - 
----  
---- 
----  
- - - - 

----  
- - - - 
----  
- - - -  
----  
- - - - 
- ---  
----  
----  
----  
- - - -  
- - - - 

Statistic 

Number of readings 

Geometric average 
Standard geometric deviation 

Estimated second-highest level 
Goodness-of-fit statistic,  ,,RD 
Polludex value 

Number of readings 

Geometric average 
Standard geometric deviation 
Est in~atedsecond-highest level  

Goodness-of-fit s t a t i s t ~ c ,  \ ED 
Polludex value 

Nun~ber of readings 
Geometric average 
Standard geon~etr ic  deviation 
Estimated second-highest level 
~oodness-of-flt  statistic,  \ RD 
Polludex value 

Number of readings 

Geon~etrlc average 

Standard geometric deviation 

Estimated second-highest level 
Goodness-of-fit statistic,  , N D  
Polludex value 

Number of readings 

Geometric average 
Standard geometric deviation 
Estimated second-highest level 

Goodness-of-fit statistic, >RD 
Polludex value 

Number of readings 
Geometric average 

Standard geometric deviation 
Estimated second- highest level 

Goodness-of-fit statistic,  \RD 
Polludcx value 

used to obtain this estimate 

1972 

76 
87 

1.5 

a272 

1.01 
63 

72 
77 

1 .7  

294 
0.59 

62 

61 
67 

1 . 8  
a304 

1.10 
57 

75 

134 
1.9 

692 
0.69 

242 

64 

141 
1 .9  

a'i35 
1.28 

2 62 

45 

63 
1.7 

260 

0.74 

39 

Standard 

60 

60 
- - - -  

150 
- - - -  

0 

6 0  
60 

----  
150 

---- 
0 

60 
60 

----  
150 

- - - -  

0 

' 60 
60 

----  
150 

----  

0 

" 60 

60 
- - - -  

150 
----  

0 

60 
60 

----  
150 

- - - -  
0 

assumed 

1969 

70 
96 

1 .4  
241 

0.67 

60 

65 

81 
1.6 

285 
0.52 

62 

----  
- - - - 
- - - -  
----  
- ---  
- - - - 

----  
- - - - 
- ---  
----  
----  
- - - - 
---- 
- - - - 
----  
---- 
----  
- - - - 

- - --  
----  
- - - -  
----  
---- 
- - - - 

despite 

1967 

63 
105 

1.5 

310 
0.62 

91 

57 

81 
1 .6  

265 
0. 44 

56 

----  
- - - - 
----  
- ---  
- - - -  
- - - - 
- ---  
- - - - 
- - --  
- ---  
- - - -  
- - - - 
- - - -  
- - - - 
----  
----  
- - - -  
- - - - 
- - --  
- - - -  
- ---  
- ---  
- - - -  
- - - - 

lognormality 

1970 

88 

100 
1 .8  

a495 
0.97 

153 

90 
89 

1.6 
309 

0. 49 
77 

----  
- - - - 
- ---  
----  
----  
- - - - 
- - - -  
- - - - 
- ---  
---- 
- - - -  
- - - - 
----  
- - - - 
---- 
----  
----  
- . - - 
- - - -  
----  
- - - -  
- - - -  
- - - -  
- - - - 

\x D 

1971 

79 

101 
1 .4  

256 
0.65 

69 

66 

89 
1 .7  
384 

0. 60 

102 

51 
92 

1.5 

290 
0.71 

73 

41 

170 

2.0 
1014 
0. 48 

380 

d26 

162 

1.5 
---- 
----  
- - - - 

----  
- - - -  
----  
----  
---- 
- - - - 
:- 0.736. 



TABLE I. - Cont~nued. DATA SUMMARY FOR TOTAL SUSPENDED PARTICULATES, 1967-72 

[ ~ l l  concentrations a r e  in micrograms per cubic meter.] 

Monitoring Statistic Standard 1967 
station 

(see fig. 1 )  

Number of readings 
Geometric average 
Standard geometric deviation 
Estimated second-highest level 
Goodness-of-fit statistic,  \ %  C 

Polludex value 

Number of readings 
Geometric average 
Standard geometric deviation 
Estimated second-highest level 
Goodness-of-fit statistic, VR c 
Polludex value 

Number of readings 
Geometric average 
Standard geometric deviation 
Estimated second-highest level 
Goodness-of-fit statistic, t 4 D  

Number of readings 
Geometric average 
Standard geometric deviation 
Estimated second-highest level 
Goodness-of-fit statistic,  \ P C  

Polludex value 

Number of readings 
Geometric average 
Standard geometric deviation 
Estimated second-hichest level 
Goodness-of-fit statistic. \% c 
Polludex value 

Number of readings ' 60 
Geometric average 60 
Standard peometric deviation ----  
Estimated second-highest level 150 
Goodness-of-fit statistic,  \,SD ----  
Polludex value 0 

a~a lcu la t ion  used to obtain the estimate a:isun~ed lognormality desplte & D  L- 0.736. 



TABLE 1. - Concluded. DATA SUhWARY FOR POTAL SUSPENDED PARTICULATES. 1967-72 

All concentrations a r e  in ~nicrograms per cubic meter. 

Monitoring 
station 

(see fig. 1) 

1 

2 

3 

4 

5 

6 

Stat~st ic  

Number nf readings 
Geometric average 
Standard geometric deviation 
Estimated second-highest level 
&a&ess-of-fit statistic, &D 
Polludex value 

Number of readings 
Geometric average 
Standardgeometricdeviation 
Estimated second-highest level 
GoJdness-of-fit statistic, f i ~  
Polludex value 

Number of readings 
'Geometric average 
Standard geometric deviation 
Estimated second-highest level 
Goodnesb- "f-fit atatistic, 

Standard 

60 

60 
- --- 
150 

---- 
0 

$0 
60 

- - - -  
i50 

---- 
0 

>60 

60 
---- 
150 

----  

7 i ~ u m b e r  ofreadings 

, ;;; , 
---- 
---- 
---- 
---- 
----  
---- 

Geometric average 
Standard geometric deviation 
Estima'ed second-highest level 
Goodness-of-fit statistic, 

1967 

----  
---- 
---- 
---- 
---- 
- - - - 
---- 
- - - - 
---- 
---- 
---. 
- - - 
---- 
- - - - 
---- 
---- 
---- 

---- 

Polludex value 

Number of readings 
Geometric average 
Standard geometric deviation 
Estimated sscond-highest level 
Goodness-of fit statistic, & D  
Polludex value 

Number of readings 
Geometric average 
Stanckrd geometric deviation 
Esttmated second-higheat level 
Goodness-of-fit statistic, y $ ~  

Polludex value 

Number 01 readings 
Geometric average 
Standard gecmetric deviation 
Estimatedsecond-highest level 
Goodr.ess-of-fit statistic, f i ~  
Polludex value 

- - - - 
---- 
- - - - 
---  - 
----  
---- 
- - - - 
---- 
---- 
---- 
---- 
---- 
- - - - 
---- 
---- 
----  
---- 
---- 
- - - - 

---- 
---- 

---- 
--- 
---- Polludex value 

0 

', 60 

60 
---- 
150 

- - - -  
0 

: 60 
60 

---- 
150 

----  
0 

).60 

61) 
--. - 
150 

----  
0 

1968 

---- 
---- 
---- 
---- 
----  
- - - - 
---- 
- - - - 
---- 
---- 
- - - -  
- - - - 
----  
- - - - 
----  
---- 
---- 
- - - - 
----  
- - - - 
---- 
---- 
---- 
- - - - 
- - - -  

---- 
----  
- - - -  
- - - - 
---- 
---- 
----  
- - - -  
---- 
- - - - 

---- 
----  
--- 

---- 
---- 
----  

1969 

----  
---- 
--.- 
---- 
- - - -  
- - - - 
---- 
- - - - 
---- 
---- 
---- 
- - - - 
- - - -  
- - - - 
- - - -  
---- 
---- 
- - - - 
----  
- - - - 
---- 
---- 
---- 
- - - - 
---- 

---- 
---- 
---.. 
- - - - 

---- 
- - - -  
---- 
---- 
----  
- - - - 

---- 
---- 
----  
----  
---- 
----  

1970 

---. 
---- 
-- -- 
---- 
---- 
- - - - 
---- 
- - - - 
---- 
---- 
---- 
- - - . 
---- 
- - - - 
---- 
----  
.--- 
- - - - 
---- 
- - - - 
---- 
- .-- 
- ---  
- - - - 
----  

- - - - - - - - - - - - - - - -  
----  
----  
----  
- - - - 
---- 
---- 
---- 
---- 
---- 
- - - - 

----  
---- 
---- 
----  
---- 
---- 

6 1 

8i 
1.5 

239 
0.58 
51 

1971 

---- 
---- 
---- 
---- 
----  
- - - - 
---- 
- - - - 
---- 
----  
---- 
- - - - 
----  
- - - - 
---- 
----  
---- 

,1972 

6 1 

81 
1.6 

277 
0.62 

6C 

48 
98 
1.7 

393 
0.43 

113 

59 
96 

1.5 

298 
0.64 

- - - - 
---- 
- - - - 
---- 
---- 
----  
- - - - 
---- 

-- --  
----  
---- 
- - - - 
---- 
----  
- - - -  
---- 
---- 
- - - - 

79 

58 
79 

1.9 
441 
0.74 

113 

56 

159 
1.6 

533 
0.68 
210 

60 
86 

1.4 

2 06 
0.62 

40 



TABLE n. - DATA SUMMARY FOR NITROGEN DIOXIDE, 1968-72 

[All concetitratiot~s a r c  in micrograms p?r cubic meter.] 

; l ~ a l c u h t i o n  used lo obtain tlits cstlmatc assunled lognormality despite f i D  . 0.736. 
b~;inlpling site was relocated within sanic general neighborhood in midyciir. It is  

;issumcd 11i;it for s;impli~lg purposes the envircrtin~e~it;il a i r  was the sanic ;it both 

1oc.itiotis. 

'Tcl~rporarily disrolititiu~~d h c a u s e  of construction at  sampling s ~ t e .  

1~11)1iitor111g 
st;itioti 

(see fig. 1 )  

A 

B 

C 

Statistic 

Nutnkr  of rcadings 
t\ritl:n:etic ;iveragc 
Stiit:d;ird getrnictric dcviatioti 
Estinlated sec~~l:d-luglast level 

Goodness-of-f~t statistic.  \ D 
Polludcs v;iluc 

Number of rcadl l l~h 

Arithmetic average 
St;indard geometric' dc\riatioti 

Fstim.ited scrond-higllcst lcvt~1 
Goodness-of-fit statrstic. \ %  D 
Polludcs v;ilue 

Nunikr  of rr.tditlgs 

Stali&ird 

60 

100 
- - - -  
- - - -  
-.--- 

0 

60 

100 
- - - - 
- - - -  
- - - -  

0 

60 I 
100 

- - - -  
- - - -  
- - - -  

0 

60 

100 
- - - -  
- - - -  
- - - -  

0 

60 

100 
- - - -  
- - - -  
- - - -  

0 

D 

E 

1968 

71 

211 

1.4 

517 

0.60 

1 1 1  

- - - - 
- - - - 
- - - - 
- - - -  
- - - -  
- - - - 

76 
Arithtl~ctic ;ivixr,igc 

St;uidard gcomctric deviaticll~ 

Estin~kited second-highest level 

Goodness-of-fit st;illstir. \ D 
Polludes v;iluc 

Nunlb~r  of rc;id:t~gs 
Arit linit~tic. .iveragc 
St;rttdnrd gcotnctrtc dcvi:it~on 

E:stini;itrd scco!:d- higlicst Icvrl 
Goodticss-of-fit s t a t~s t ic .  \ G D  
Polludcs value 

Nu~:ibcr of rendil~gs 

Arithnlctic- ,ivt3r;ige 
St.itid;ird gc.on:ctric dcviatioli 

Estini;\tcd scrcrtid- highest level 

Gocrdncbs-of-fit statistic, fi D 

Polludex value 

177 

1.5 

"495 

0.87 

77 

55 

207 

2.9 

"1056 

1.65 

107 

69 

203 

1.4 

497 

0.70 

103 

1969 

73 

220 

1.4 

470 

0.57 

120 

- - - - 
- - - - 
- - - - 
- - - -  
- - - -  
- - - - 

75 

1970 

84 

214 

1.4 

464 

0.61 

114 

9 
- - - - 
- - - - 
- - - -  
- - - -  
- - - - 

115 

248 

1.3 

'454 

0.88 

148 

70 

219 

1.3 

424 

0.70 
119 

74 

237 

1.3 

"43? 

0.90 

137 

1971 

86 

202 
1.5 

538 

0.59 

102 

81 

190 

1.5 

"539 

0.77 

90 

96 

234 

1.4 

"576 

0.88 

134 

b83 

217 

1.5 

"576 

l.lr3 

li7 

108 

217 

1..4 

"504 

1.39 

117 

255 

1.6 

835 

0.64 

155 

'47 

199 

1.4 

465 

0.62 

99 

96 

205 

1.6 

"686 

1.69 

105 

192 

1.4 

469 

0.38 

92 

78 

163 

1.8 

654 

0.99 

63 

89 

188 

1.6 

552 

0.74 

88 

1972 

82 

203 
1.6 

600 

1.04 

103 

87 

170 

1.4 

418 

0.97 

70 

93 

1 



TABLE 11 - Continued. DATA SUMMARY FOR NITROGEN DIOXIDE. 1968-72 

LAII  ra~ccl l t r ; l t iens  r r r  1s n ~ i r r o g r r m s  pe r  cubic nleter.] 

Monitoring St;ttist ic. I--- st;tticln 

Standard 

60 

100 
- - - -  
- - - -  
- - - -  

0 

60 

100 
----  
- - - -  
- - - -  

0 

60 

100 
- - - -  
- - - -  
- - - -  

0 

60 

100 
- - - -  
- - - -  
- - - -  

0 

60 

100 
- - - -  
- - - -  
- - - -  

0 

assunled 

( see  fig. 1 

F 

C; 

ti 

I 

Number of readings 
Arithmetics ;ivcr.igr 

Standilrd geomctr i r  de\ r;~tion 
Estin1atc.d second- highest l rvcl  

tio(dness-of-fit s t ; t t i s t~ r .  fl D 
Polludrs value - 
Number of r t~ ; td i l~gs  

Arithn~ctlc '  avcrsge  

St;lnd:~rd gconlctric drvi ;~t ion 
Estln~;ttc>d sc~rc l l~d-h i~hcs t  level 
tioodnrss-of-fit statistic.. D 
Polludrs valtte 

Nut l lhr  of rc;ldings 

Arithnlctic' itveragc. 
Stand;~rd gc~onletric dcv1;ttion 

Estin~;lted second- highest Level 
Goodness-of-fit statisl i( ' .  6 D 
Polludcs value 

Nunltw'r of readings 
Arithn~tbt~c. avrr.tgc 
St;tnd;ird gcomctr i r  dcvi;ttion 
Estinl;ttr3 s r r o ~ t d -  highest lcvrl  

Coodnc~ss-of- fit st;ltistic. \ h' D 

P~) l ludcs  v ;~luc  

N u n l k r  o f  rcwlings 

1968 

47 

212 

1.4 

"11 

0.78 

112 

1 72 
201 

1.5 

571 

0.56 

101 

66 

166 

1.5 

"471 

1.03 

66 

67 

247 

1 . 4  

535 

0.45 

147 

- - - -  
- - - -  
- - - -  
..--- 
- - - -  
- - - -  

lognormality 

Arithmrtic' avrrnge 
Standard gc~onietric drvi;ttion 
Estinl;~ted second-highest Irvel 
t iood~~ess-of- f i t  statistic*, \ N D  
Polludcu v;tluc 1 

~ ~ ; ~ I t - u l ; i t ~ o n  uscd to ob l ;~ l r~  th t s  cstiniatc 

1969 

74 

197 

1.3 
"370 

0.76 

97 

72 

221 

1.3 

"432 
0 . 9 1  

121 

7 1  

225 

1. 3 

"443 

0 .75  

125 

76 

253 
1.3 

495 
0 .71  

153 

52 

225 
1.4  
488 

0.65 

125. 

drspitcl 

1970 

96 

215 

1.3 

444 

0.70 

115 

104 
224 

1 3  

453 
0 43 

125 

114 

213 
1. 4 

464 

0 .70  

113 

111 

238 
1 .3  

"495 

1. 1 

137 

113 

255 
1 4  

"548 

0. 82 

155 

1971 

86 

203 

1.5 
"518 

0.93 

103 

89 

203 
1.5 

516 

0.65 

103 

78 

202 

1.6 

"633 

1.1  

102 

88 

217 
1.5 

"615 

0.93 

117 

93 

240 

1.5 

600 
0.58 

140 

\'XD - 

1972 

87 

197 

1.6 
577 

1.18 

97 

88 

196 

1.9 
884 

1.26 

96 

84 

191 
1.5 

536 

0.97 

91 

88 

214 

1.4 

513 

0.76 

114 

82 

214 
1.5 

538 
0.71 

114 

0, 736 



TABLE 11. - Continued. DATA SUMMARY FOR NITROGEN DIOXIDE. 1968-72 

[ ~ l l  concentrations a r e  in microgranls per cubic meter.] 

I Statistic 

Nuniber uf r ~ a d i n g s  

Arithmetic average 

Standard geometric deviation 

Estimated seccrnd-highest level 
Goodness-of-fit statistic, L D 
Polludex value 

Number of readings 

Arithmetic average 
S t ~ n d a r d  geometric deviation 

Estimated second-highest level 

Goodness-of- fit statistic,  fi D 
Polludex value 

Numtar of readings 

Arithmetic average 
Standard gi.onictrir deviat~oli 
Estimated second-highest level 

~oodness-of-f i t  statistic,  D 
Polludex value 

L 

"calculation used to obtain this estimate assumed lognormality despite D * 0.736. 
 ampli ling site was relocated withln same general neighborhood in midyear. It is  

;~ssunied that for saml)linl: purposes the environmental a i r  was the same at both 
locations. 

Number of readings 

A1 Ahmetic average 
Standard geometric deviation 

Estimated second-highest level 
Goodness-of-fit statistic,  \RD 
3o1:~de.u value 

Arithlr- +ic average 

Standard geometric deviation 
Estimated second- highest level 

Goodness-of-fit statistic, \. 3 D 
Polludes value 



TABLE 11. - Conc.ludcd. DATA SLIMMARY FOR NITROGEN DIOXIDE, 1968-72 

(see  fig. 11 

Numlr r  of rr;idirlps 

Ar i lhn~c t i c  ;ivcr:igc 
Stnndiird gronlr t r tc  dcvi.~tiorr 
E s t ~ n . . ~ t r d  sccc~nd-higllrsl lcvcl 
C;ocdnrss-of-fit s t a t ~ s t i c .  \.'x D 

Polludcs v;iluc 

T 

U 

a ~ a l r u l a t i o n  used to  obtain this cs t in l ;~lc  assunled lognormality despite f i D  . 0.736.  
d~arnp l ing  was initiated in the la t ter  par t  of the year .  

N u n i k r  of rc;idinps 

Arilllnlctir ;ivcrsgc 

S1and;irti gconlct r ic  dcvi;ilio~l 

Estin1;ltrd sccond-highest Icvel - 
Goodl~ess-of-fi t  s t ; l t i s t i c ,vND 
Polludrx v;ilue 

Nun~ber  of rc;idings 
A r i t h n ~ c l ~ c  ;~ve r ;~ j i e  
St;~nd;ird gco~l lc t r ic  dcvialion 

Estimated scrond-highest lcvcl 

Polludex value 

Cotdncss-of-fit s1;itistir. fi  D 

60 
100 

- - - -  
- - - -  
- - - -  

0 

' 60 
100 

- - - -  

- - - - 
- - - - 
- - - -  
- - - -  
- - - -  
- - - - 
- - - -  
- - - - 
- - - -  

I - - - - - 
- - - - - 
- - - - -  
- - - - -  
- - - - -  
- - - - - 

d36 

230 
1.9 

- - - - 
- - - - 
- - - -  
- - - -  
- - - -  
- - - - 
- - - -  
- - - - 
- - - -  

7 0 

183 

1.9 
849 

1.38 

83 

83 

223 

704 

- - - - 
- - - - 
- - - -  
- - - -  
- - - -  
- - - - 
- - - -  
- - - - 
- - - -  



TADLE 111. - DATA SUMMARY FOR S >FUR DIOXIDE. 1968-72 

[ A I I  ronc.entrations ; ire in mlcrofiranls per  rubir  meter.] 

af':~lr~~l:atiot~ usrd  to obtain t l l ~ s  elitinl.;!,. ,tssunicd Itljir~orniality dcspitcb %,G D 0. 736. 
I, S;lmpling s i te  was rckloc.;~trd wittiin s a m e  gcne r r~ l  neifihh)rho(d in nlidycar. It i s  

assumed tli;~t for s;~mplitrg purposes tile e n v i r o n n ~ r n t ; ~ l  a i r  w ; ~ s  the s a m e  a t  both 
loc;~tit.ns. 

' Tcnlporarilv d isront i r~urd tx)c.ause of construrtion at  sanlpllng s i te .  

Monitoring 

statil )tr 

(See fig. 1)  

A 

n 

C 

D 

E 

St;~ndnrd 

60 

60 
- - - -  
260 

- - - -  
0 

60 

60 
- - - -  
260 

- - - -  
0 

60 

60 
- - - -  
260 

- - - -  
0 

60 

60 
- - - -  

260 
- - - -  

J 

60 

60 
- - - -  

260 
- - - -  

0 

1969 

74 

135 

2 . 0  
"674 

0.96 

142 

- - - - 
- - - - 
- - - -  
- - - -  
- - - -  
- - - - 

76 
85 

2.3 

546 
0.48 

75 

72 

S t a t ~ s t l c  

N u n ~ b r  of re ;~dings  

Ari t tu t~r ; i r  :lvcr;lge 

St.~nd:rrd geomrtric. devi;ttlon 

Estinlated s r r o ~ ~ d - h ~ f i h r s t  level 

tiocdncss-of-fit s t ;~ t is t~c . ,  f i  D 
Polludrs valut. 

Nunrtwr of rP;ldings 

A r ~ t t ~ n r e t ~ r  nvcr;lgr 

Standard ~ e o n i c t r i c  drvi ;~t ion 

Esrimatcd sec'ond-highest level 

t iood~rc~ss-of- f i t  s t ; ~ t l s t l r .  a D  
Polludrs vnlucl 

Number of readings 

Ar~thnle t ic  average 
St;ind.~rd g r ~ ~ i l c t  ri.. deviatiot~ 

Estirn;~tcci wc.ond-l~ighest Icvcl 

Gotwiness-of-fit statistic.. f i  D 

Polludcs ~ ~ n l u r  

Number of reirdings 

A r ~ t l ~ n l c t i e  ;ivc,r;lgc 

St ;u~d;~rd geometric. d c v i a t i ~ ) ~ ~  

Estimatt,d scrond-h~gl ics l  level 

Ct,~)dnrss-of-fi t  st;ttistic, v/iS D 

P: Iludcs valur 

Nunitx~r of readings 

Arlthnlrtics .~vc'r;ige 

/SL~lid;rrd ~con le t r i c '  deviatior~ 

Estlmatcd second-hifitlest level 

Grilwitrcss-of-fit starist ic.  f i  D 

Polludex value 

1968 

71 

137 

2 .4  

"971 

0.75 

201 

- - - - 
- - . - 
- - - -  
- -  
- - - -  
- - - - 

72 

95 
2 .4  

644 
0.61 

103 

53 

106 

l.R 

413 

0 52 
68 

71 

112 

1 .9  

476 

0.68 

35 

1970 

2 
116 

1 .9  

"518 

0.88 
97 

9 
- - - - 
-. .- 
- - - -  
- - - -  
- - - - 

105 

74 
2.3 

476 

0.54 

53 

b 7 ~  

1971 

88 

84 

2.2 

523 

0.66 

70 

86 

50 

2.1 

2R4 
0.70 

5 

93 
67 

2 .4  

485 

0.73 

49 

'45 

1972 

80 

89 

2 .b  

753 
1.13 

119 

87 

71 

2 .4  

569 

0.64 
57 

85 

71 
2.8 

706 

1.13 

95 

77 

0.47 
58 

75 

107 

1.6 

314 

0.42 

50 

1 0 3  109 

1.7 

278 

891 83 

2 .0  
"538 

2.0 

"469 

P :? 

66 

85 

58 

2 .8  

602 

1.09 

66 

0.91 (0 .76  

2.2 
502 

94 

107 

96 

1 .8  

'397 

0.88 

56 

64 

94 

65 

2.  1 
375 

0.71 

26 



TABLE HI. - Continued. DATA SUMMARY FOR SULFUR DIOXIDE, 1968- 72 

[ ~ l l  concentrations a r e  in micrograms per cubic meter.] 

a~a lcu la t ion  used to obbin  this estimate assumed lognormality despite d D  1 0.736. 

1970 

97 
90 

1.8 

373 
0.68 

47 

105 

63 

1.9 
295 

0.70 

10 

113 

M ~ n i t ~ ~ . i l ~ g  
station 

(see fig. 1) 

F 

H 

Standard 

' 60 
60 

---- 
260 

---- 
0 

6 0  

60 
---- 

Statistic 

Ncmber of readings 
Arithmetic average 

Standard geometric deviation 
Estimated second-highest level 
Goodness-of-fit statistic,  f i ~  
Polludex value 

Number of readings 
Arithmetic average 

Standard geometric deviation 
Estimated secotid- highest level 
Godness-of-fit statistic.  f i D  
Polludex value 
-- 

Number of readings 
Arithmetic average 
Standard geometric deviation 

1971 

86 

59 

2.3 
a401 
0.83 

27 

86 
50 

2 .4  

a363 
0.75 

23 

72 

I 
I 

I 

J 

1972 

87 
63 

2.3 
411 

0.61 

31 

81  
59 

2.7 

532 
P.  97 

52 

79 

661 
48 

2.2 2.4 

1968 

47 
84 

1.9 

a364 
0.80 

40 

69 
77 

2.1 

Estimatedsecond-highestl~vel 
Gcodness-of-lit statistic,  & D  

P~l ludex  value 

Number of readings 
Arithmetic average 
Standard geometric deviatior, 
Estimated second-highest level 
Goodness-of-fit statistic,  3 5 D 
Polludex value 

Number of readings 
I Arithmetic hverage 

---- 

' 60 64 77 108 
--I 

60 129 110 101 67 
---- 1.8 1.8 1.9 2 . 1  2.9 

57 
2.5 

1965 

75 
73 

2.1 

a409 
1.04 

42 

71 
58 

2.0 

I 
Standard geometric deviation 
Estimated second- highest level 
Goodness-of-fit statistic,  fi L) 

Polludex value 

260 
----  

0 

:.Go 
60 

- - - - 
260 

---- 
0 

294 
0.70 

7 

71 

63 

2.3 

414 
---- 0.57 

0 44 260 I 
.. 60 

60 
----  

a522 

1.04 

108 

---- 
- - . . -  
- - - - 
----  
----  
----  

62 

64 

2.3 

467 
0.64 

82 

52 

113 

1.9 

543 

0.53 
99 

a449 
0.87 

70 

113 
124 

1.8 

504 
0.70 

100 

a35tl 

0 .90 
25 

93 

79 

2 .0  

a410 

1.23 
45 

879 

1.37 
138 

80 

79 

2. 5 

618 

1.02 
85 



T.2BLE 111. - Cont~nued. DATA SUMMARY FOR SULFUR DIOXIDE, 1968-72 

[AI; concentrations a r e  in micrograms per cubic meter.] 

b~anlpl ing s ~ t e  was relocated within same general neighborhood In mldyear. It i s  

assumed that for sampling purposes the environmental a i r  was the same at both 

locations. 

1971 

81 

49 

2.4 
a359 
0.83 

19 

79 
116 
2.6 

a1013 
0.98 

192 

58 

41 

2.6 
a372 

0.74 

22 

81 

72 

2.9 
a755 

0.90 
105 

- - - - -  
a m - - -  

- - - - -  
- - - - -  
- - - - -  
-----  

& D  

1970 

b105 
59 

1.9 
258 

0.64 
0 

42 
157 
1.7 
569 

0.62 
141 

98 
58 

2.3 

309 
0.67 

9 

35 
68 
2.6 

a548 
0.76 

62 

----  
---- 
----  
----  
----  
..--- 

despite 

1972 

81 

56 

2.4 
388 

0.76 

25 

70 
109 
2.2 
691 
1.09 

124 

79 
61 

2.5 

494 

0.90 

46 

85 

67 

2.7 
606 

0.90 
72 

66 
75 
2.4 

56 1 

1. 06 

70 

.- 0.736. 

1968 

74 

53 

2.5 
399 

0.55 
27 

----  
- - - - 
---- 
---- 
---- 
- - - - 

Standard 

60 

60 
- - - -  
260 

----  
0 

60 
60 

----  
260 

----  
0 

" 60 

60 
----  
260 

----  
0 

60 
60 

- - - -  
260 

I - - - -  
0 

' 60 

60 
----  
260 

- - - -  
, 0 
1 

assumed 

Monitoring 

station 
(see fig. 1) 

K 

L 

M 

N 

P 

b 

a ~ a l r u l a t i o n  

1969 

75 
58 

2.1 

320 

0.57 
1 1  

---- 
- - - - 
----  
----  
- - - -  
- - - - 

Statistic 

Number of readings 

Arithmetic average 

Standard 1:eometric deviation 
Estimated second-highest level 

Goodness-nf-fit statistic. fi D 
Polludex value 

Number of readings 

Ari thmet~c average 
Standard geometric deviation 
Estimated second- highest level 

Goodness-of-fit statistic.  V%D 
Polludex value 

Number of readings 

Arithmetic average 

Standard geometric deviation 

Estimated second-highest level 

Goodness-of-fit statistic. V% D 

Polludex value 

Number of readings 
Arithmetic average 

Standard geometric deviatl )n 
Estimated second-highest level 

Goodness-of-fit statistic. f i D  

Polludex value 

Number of readings 

Arithmetic average 
Standard geometric deviation 

Estimated second-highest level 
Goodness-of-fit statistic. AD 
Polludex value 

used to obtain this estimate 

53 1 73 
50 

1.9 

220 
0.72 

0 

- - - -  
- - - - 
----  
----  
---- 
- - - - 

- ---  
----  
----  
----  
- - - -  
---- 

55 

1.9 

235 
0.67 

0 

----  
- - - - 
----  
---- 
---- 
- - - - 
----  
---- 
----  
---- 
---- 
---- 

lognormality 



TABLE 111. - Concludrd. DATA SUMMARY FOR SULFUR DIOXIDE. 1968-72 

[ ~ l l  c~onrentrntions arc9 in nrlcrogr;i,us per cubic nlt*tc>r.] 

dsampling was initiated in the latter part of the year. 

- 
Year 

1972 

79 
64 

7.4 
474 

0.74 
44 

73 
85 

2.5 
629 

0.67 
9 1 

82 

93 
3.0 

1026 
1.29 

175 

Monitoring 
station 

(see fig. 1) 

R 

T 

U 

I I Percentage of stations havi~ig distributions consistent with lognorn~ality I 

Statist lc 

Number of readings 
Arithmetic average 
Standard geometric deviation 
Estinratedsecond-highestlevel 
Goodness-of-fit statistic,  fi D 
Polludex value 

Number of readings 
Arithmetic average 
Standard geometric deviation 
Estimatedsecond-highestlevel 
Goodness-of-fit statistic,  f i ~  
Polludex value 

Nuniber of readings 
Arithmetic average 
Standiirdgeonletricdeviation 
Estimated seco~td- highest level 
Goodness-of-fit statistic, & D  
Polludex value 

a ~ h e  expected result i s  80 percent. 

Sulfur di~lxide Total suspended ~ u r t i r u l a t e s  

Standard 

' 60 
60 

---- 
260 

- - - -  

0 

6p 
60 

---- 
260 

---- 
0 

'- 60 
60 

- - - -  
260 

----  
0 

Nitrogen dioxide 

- 
1968 

----  
- - - - 
----  
---- 
---- 
- - - - 
---- 
- - - - 
---- 
---- 
----  
- - - - 
- - - - 
- - - - 
----  
---- 
---- 
- - - - 

Cleveland Air Pollution Control 
Division stations 

St;ttc of Ohio opor- 
;itcd suburlun 

stations 

Cleveland Air Pollution 
Control Division 

stations 

1969 

---- 
- - - - 
----  
---- 
---- 
- - - - 
---- 
- - - - 
---- 
---- 
----  
- - - - 
- - - - 
- - - - 
---- 
---- 
----  
- - - - 

Lewis-opcr;~trd 
subur ban 
stations 

1970 

----  
- - - - 
---- 
----  
---- 
- - - - 
---- 
- - - - 
---- 
---- 
---- 
- - - - 
- - - - 
- - - - 
---- 
- - --  
---- 
- - - - 

1971 

----  
- - - - 
- - - -  
- - - -  
---- 
- - - - 
- - - -  
- - - - 
----  
----  
---- 
- - - - 

d34 
114 
2.3 
137 

0.55 
138 



TABLE V. - SIGNIFICANCE LEVELS FOR KOLMOGOROV-SMIRNOV 

GOODNESS-OF- FIT STATISTIC 

[From ref .  134 

I Statistic. 1 0.736 ( 0.768 1 0.805 1 0,886 1 1.031 1 
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Figure 2. - Polludex readlngs of total suspended particulates i n  metropolitan Cleveland 
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Figure 3. - Polludex readings of nitrogen dioxide in metropolitan Cleveland. 
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Figure 4. - Polludex readlngs of sulfur dloxlde i n  metropolltan Cleveland. 
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Figure 5. - Examples of Polludex levels. 
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